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For reasons that are not well understood, Aboriginal people
with end-stage renal disease (ESRD) have lower rates of
kidney transplantation. We hypothesized that distance
between residence location and the closest transplant center
was greater in Aboriginal dialysis patients and would partially
explain the lower rate of transplantation in this population.
We studied a random sample of 9905 patients initiating
dialysis in Canada between 1990 and 2000. We calculated the
distance between residence location at dialysis inception and
the closest transplant center. Cox proportional hazards
models were used to examine the relation between residence
location and the likelihood of transplantation over a median
period of 2.3 years. The proportion of Aboriginal participants
living p50, 50.1–150, 150.1–300, and 4300 km from the
closest transplant center was 25, 18, 18, and 39% respectively,
compared with 55, 19, 11, and 15% among white subjects.
The relative likelihood of transplantation was significantly
lower for Aboriginal compared to white participants across all
four distance strata, with no apparent effect of residence
location. For example, the relative likelihood of
transplantation was hazard ratio (HR) 0.47, 95% confidence
interval (CI) (0.31–0.72) in Aboriginal participants residing
p50 and 0.55 (0.38–0.80) in those residing 4300 km from the
closest transplant center. Results were similar for transplants
from deceased donors and living donors, and in all seven
regions studied. In conclusion, remote location of residence
does not explain the lower rate of kidney transplantation
among Aboriginal people treated for ESRD in Canada.
Kidney International (2006) 70, 924–930. doi:10.1038/sj.ki.5001607;
published online 21 June 2006
KEYWORDS: chronic dialysis; transplantation; clinical epidemiology; ethnic
minority; chronic hemodialysis
Kidney transplantation is the preferred therapy for indivi-
duals with end-stage renal disease (ESRD), as it is associated
with better health outcomes and lower net costs.1,2 Disparities
in access to kidney transplantation among ethnic minorities
have been repeatedly documented.3,4 Although most discus-
sion of this issue has focused on African-American patients,
the global epidemic of diabetic nephropathy and ESRD
among indigenous people5–9 has led to the observation that
Aboriginal people are also disadvantaged with respect to
kidney transplantation – in the USA10 and elsewhere.11,12
To receive a kidney transplant, patients must first
complete a comprehensive evaluation aimed at determining
their suitability. Although regional and national variation
exists, this process typically requires multiple visits to
specialist physicians as well as laboratory testing, diagnostic
imaging, and often invasive procedures such as cardiac
catheterization.13,14 These specialized services are generally
located in major medical centers, which may be distant from
the patient’s home. Limited data from the UK indicate that
distance from nephrological care may act as a geographical
barrier to transplantation.15
Anecdotal experience suggests that Aboriginal people live
further from major medical centers than North Americans of
other racial backgrounds. If confirmed, this would suggest
that geographical differences may contribute to observed
racial disparities in access to transplantation. We used
prospectively collected data from patients initiating dialysis
in Canada between 1990 and 2000 to examine this issue. We
hypothesized that people of Aboriginal race would reside
further from renal transplant centers than white patients, and
that these differences would partially account for the lower
likelihood of transplantation in this population.
RESULTS
Of 9905 participants, 9410 (95%) were white, and 495 (5%)
were Aboriginal. Aboriginal participants tended to be
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younger, and were more likely to be female, diabetic, and of
lower socioeconomic status than white participants (data not
shown).
Relation between distance from transplant center and race
The majority of patients (54%) resided within 50 km of the
closest transplant center, but all provinces had a substantial
proportion of patients who lived markedly further away.
Patients who lived further away were more likely to initiate
renal replacement on peritoneal dialysis and to smoke
compared to those who lived closer to the transplant center
(Table 1). However, the most striking differences in
characteristics between patients residing close to and remote
from renal transplantation services were those relating to
race.
The likelihood of remote residence location was signifi-
cantly higher among Aboriginal participants, compared with
white subjects (Po0.0001, Figure 1). For example, 55% of
white patients lived o50 km from a transplant center
as compared with 25% of Aboriginal patients (Po0.0001).
Only 15% of white patients lived 4300 km away from the
closest transplant center, in contrast with 39% of Aboriginal
patients. Corresponding proportions for residence 4600 km
away from the closest transplant center were 6 and 17%,
Table 1 | Demographics and clinical characteristics, by distance from transplant center
N (%)
0–50 km 50.1–150 km 150.1–300 km 4300 km P-value
N 5299 (54) 1859 (19) 1134 (11) 1613 (16) —
Aboriginal race 125 (2) 88 (5) 91 (8) 191 (12) o0.0001
Age (years)a 64 [49, 73] 63 [49, 72] 64 [51, 73] 61 [48, 72] 0.0009
Male sex 3227 (61) 1120 (60) 677 (60) 953 (59) 0.58
Cause of ERSD
Diabetic nephropathy 1492 (28) 558 (30) 353 (31) 495 (31) 0.07
Glomerulonephritis 965 (18) 292 (16) 176 (16) 274 (17) 0.03
Hypertensive/ischemic renal disease 991 (19) 400 (22) 218 (19) 289 (18) 0.03
Polycystic kidney disease 302 (6) 113 (6) 62 (5) 78 (5) 0.44
Other 1549 (29) 496 (27) 325 (29) 477 (30) 0.17
Comorbidity
Diabetes mellitusb 350 (7) 132 (7) 81 (7) 92 (6) 0.34
Coronary diseasec 1826 (34) 570 (31) 374 (33) 503 (31) 0.007
Chronic heart failure 1592 (30) 514 (28) 285 (25) 430 (27) 0.001
Stroke or TIA 545 (10) 197 (11) 109 (10) 143 (9) 0.30
Chronic lung disease 560 (11) 186 (10) 118 (10) 173 (11) 0.90
Serious medical illness 473 (9) 156 (8) 86 (8) 133 (8) 0.46
Peripheral vascular disease 987 (19) 315 (17) 206 (18) 271 (17) 0.22
Malignancy 476 (9) 183 (10) 108 (10) 163 (10) 0.48
Number of comorbiditiesd 2 [1, 3] 2 [1, 3] 2 [1, 3] 2 [1, 3] 0.19
Current smoker 749 (14) 283 (15) 167 (15) 285 (18) 0.007
Initial peritoneal dialysis 1490 (28) 511 (27) 279 (25) 477 (30) 0.03
Lowest quintile of SES 1244 (23) 431 (23) 314 (28) 423 (26) 0.004
Regions
Atlantic Canada 98 (2) 64 (3) 262 (23) 564 (35) o0.0001
Quebec 1698 (32) 447 (24) 258 (23) 137 (8) o0.0001
Ontario 2245 (42) 906 (49) 203 (18) 392 (24) o0.0001
Manitoba 308 (6) 61 (3) 87 (8) 53 (3) o0.0001
Saskatchewan 74 (1) 69 (4) 174 (15) 72 (4) o0.0001
Alberta 462 (9) 125 (7) 115 (10) 51 (3) o0.0001
British Columbia 414 (8) 187 (10) 35 (3) 344 (21) o0.0001
Residents per primary care physiciana 962 [738, 1235] 1419 [972, 2171] 1220 [815, 2185] 1058 [681, 1242] o0.0001
Distance from transplant center (km)a 10 [10, 20] 90 [70, 120] 220 [180, 250] 520 [380, 750] o0.0001
ESRD, end-stage renal disease; SES, socioeconomic status; TIA, transient ischemic attack.
aMedian [interquartile range].
bIn patients for whom the primary cause of ESRD was not diabetic nephropathy.
cIncludes angina, prior myocardial infarction or prior coronary revascularization.
dSum of diabetes mellitus, coronary disease, hypertension, chronic heart failure, stroke/TIA, chronic lung disease, serious medical illness, peripheral vascular disease, and
malignancy.
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Figure 1 | Distance from residence location to closest transplant
center by race. The figure shows that the likelihood of remote
residence location was significantly higher among Aboriginal
participants, compared with white subjects (Po0.0001).
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respectively (data not shown). Results were similar when
patients residing in the far North (Northwest Territories,
Nunavut and Yukon) were excluded. Although some regional
variation was observed, Aboriginal patients consistently lived
further from care than white patients. Differences in
characteristics for remote-dwellers as compared to urban-
dwellers were similar for people of white and Aboriginal race
(data not shown).
Relation between distance from transplant center and like-
lihood of transplantation in Aboriginal people
Over the median follow-up of 2.3 years, 23% of the
Aboriginal and white participants received a kidney trans-
plant (of which 72 or 17% overall were from deceased
donors), 55% died, and 0.4% were lost to follow-up. The
relative likelihood of transplantation after adjustment for age
and comorbidity but without adjustment for distance from
the closest transplant center was significantly lower among
Aboriginal participants than in white subjects (HR 0.49, 95%
confidence interval (CI) 0.39–0.62). Similarly, the relative
likelihood of receiving a transplant from a deceased donor
was approximately 51% lower in Aboriginal participants than
in white subjects (0.49, 0.37–0.64), whereas for transplants
from living donors it was 49% lower (0.51, 0.34–0.77).
Additional adjustment for distance from the closest trans-
plant center did not significantly influence these results
(Table 2). Furthermore, the test for interaction between
distance and race on the likelihood of transplantation was
nonsignificant (P¼ 0.17).
In analyses that stratified by distance from the transplant
center, the relative likelihood of transplantation among
Aboriginal participants was lower in all four distance
categories, compared with white participants (Table 3;
Figure 2). The relative likelihood of transplantation among
Aboriginals appeared similar in those residing 4300 km
away from the transplant center compared to those residing
within 50 km (HR 1.10, 95% CI 0.61–1.98). Aboriginal people
residing 50.1–150 and 150.1–300 km from the transplant
center had relative likelihoods of transplantation of 0.84
(0.39–1.79) and 0.51 (0.20–1.29), respectively, as compared to
Aboriginal people residing within 50 km.
Relation between region of residence and likelihood of
transplantation in Aboriginal people
In analyses that stratified on region of residence, the lower
adjusted relative likelihood of transplantation among Abori-
ginal people (as compared with white subjects) appeared
similar in all seven regions (Table 3). This was confirmed by a
nonsignificant test for interaction between region and race on
the likelihood of transplantation (P¼ 0.74). Finally, to assess
the possibility that distance from the transplant center was
more influential in certain regions than in others, we tested
Table 2 | Relative likelihood of transplantation for Aboriginals versus white participants
Adjusteda HR (95% CI)
Model 1 Model 2
Does not adjust for distance to closest transplant center Adjusts for distance to closest transplant center
Any transplant 0.49 (0.39, 0.62) 0.49 (0.39, 0.62)
Deceased donor transplant only 0.49 (0.37, 0.64) 0.49 (0.37, 0.65)
Living donor transplant only 0.51 (0.34, 0.77) 0.49 (0.32, 0.74)
CI, confidence interval; HR, hazard ratio.
aAdjusted for age, sex, race, primary cause of ESRD, year of diagnosis, co-morbidities (diabetes mellitus, coronary heart disease, chronic heart failure, stroke or TIA, chronic
lung disease, serious medical illness, peripheral vascular disease, malignancy), smoking status, initial dialysis modality, SES, and geographic region.
Table 3 | Relative likelihood of transplantation for Aboriginal versus white subjects stratified by distance or geographic region
Adjusteda HR (95% CI)
Any transplant Deceased donor transplant only Living donor transplant only
0–50 km 0.47 (0.31, 0.72) 0.51 (0.31, 0.83) 0.38 (0.17, 0.87)
50.1–150 0.46 (0.26, 0.82) 0.44 (0.22, 0.87) 0.55 (0.19, 1.58)
150.1–300 0.28 (0.13, 0.63) 0.29 (0.11, 0.76) 0.26 (0.06, 1.13)
4300 0.55 (0.38, 0.80) 0.52 (0.33, 0.82) 0.56 (0.30, 1.06)
Atlantic Canadab 0.60 (0.19, 1.97) 0.58 (0.17, 2.00) —c
Quebec 0.62 (0.28, 1.41) 0.69 (0.31, 1.57) —c
Ontario 0.39 (0.24, 0.66) 0.51 (0.28, 0.91) 0.21 (0.07, 0.66)
Manitoba 0.55 (0.29, 1.04) 0.42 (0.19, 0.92) 0.79 (0.24, 2.54)
Saskatchewan 0.64 (0.34, 1.23) 0.51 (0.22, 1.18) 0.99 (0.34, 2.87)
Alberta 0.48 (0.28, 0.81) 0.46 (0.24, 0.87) 0.52 (0.20, 1.34)
British Columbia 0.67 (0.38, 1.20) 0.48 (0.21, 1.10) 0.87 (0.38, 2.01)
CI, confidence interval; HR, hazard ratio.
aAdjusted for age, sex, race, primary cause of ESRD, year of diagnosis, co-morbidities (diabetes mellitus, coronary heart disease, chronic heart failure, stroke or TIA, chronic
lung disease, serious medical illness, peripheral vascular disease, malignancy), smoking status, initial dialysis modality, and SES. In the distance models, geographic region was
also adjusted for.
bAtlantic Canada: Newfoundland and Labrador, Nova Scotia, Prince Edward Island, and New Brunswick.
cNo Aboriginal participants from Atlantic Canada and Quebec received living donor transplants during the study period.
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for interactions between distance and Aboriginal status on
the likelihood of receiving a transplant within each individual
region. In these analyses, participants residing further from
the transplant center did not have a significantly reduced
likelihood of transplantation in any of the seven regions
(all P40.1).
Sensitivity analyses
Repeating analyses after classifying distance from the trans-
plant center into six categories rather than four, assuming
follow-up until end of study for participants who died without
a transplant, classifying participants of unknown race as
Aboriginal or white, or restricting analyses to younger
participants without comorbidity did not change our results.
DISCUSSION
Determining the basis for differential access to transplanta-
tion among people of different ethnic groups is difficult, as
biological, social, economic, and cultural factors must all be
considered. Our study focuses on an additional characteristic
that has received little attention to date – remote residence
location. We found that Aboriginal people were significantly
more likely to live in areas that were remote from the closest
transplant center. However, adjustment for residence location
did not influence the relative likelihood of transplantation in
Aboriginal people, and Aboriginal people were less likely to
receive a kidney transplant in all distance strata, including the
stratum corresponding to residence within 50 km of the
closest transplant center. These findings were consistent even
for living donor transplantation – which might be most
difficult for remote dwelling patients, given that both donor
and recipient must undergo evaluation.
Although the relative likelihood of transplantation among
Aboriginal people (compared with white subjects) appeared
to vary slightly between regions, we found no definite
evidence that Aboriginal participants were less likely to
receive a transplant in any particular region as compared with
others. Similarly, we did not find that residence location
explained the lower rate of transplantation among Abori-
ginals in any of the seven regions studied. Our study does not
support the hypothesis that the racial disparities in Canadian
kidney transplantation are explained by systematic differ-
ences in residence location.
Given the complexity of routine pre-transplant evaluation,
the theoretical potential for geography to reduce access to
transplantation services is clear. Nonetheless, we believe that
the current study is the first to examine the association
between residence location, race, and the likelihood of
transplantation. As characteristics of Aboriginal populations
and health delivery systems differ widely between countries,
our findings require confirmation in other settings.
Like other minority populations, Aboriginal people with
ESRD are much less likely to receive a renal transplant than
those of white race, an observation which is consistent in
reports from Canada, the United States, and the Anti-
podes.10–12,16 The reason for the lower rate of kidney
transplantation among Aboriginal people remains unknown,
although the major barrier may occur after referral but early
in the course of evaluation for eligibility.17,18 Possible
explanations include a lower true or perceived preference
for receiving a kidney transplant among Aboriginals (as with
other ethnic minorities3), or difficulties in communicating
these preferences to physicians. Aboriginal patients with
ESRD are more likely to be of low socioeconomic status19
and to have less formal education, which may influence
access to kidney transplantation by multiple mechanisms.
Aboriginal patients might also be less able to find a suitable
donor (owing to lower rates of live kidney donation, less
common histocompatibility leukocyte antigen types, or
inequitable organ-sharing practices). Finally, Aboriginal
patients may also face unique barriers to care related to
mistrust of non-Aboriginal physicians, cultural differences, or
belief in traditional remedies.20 However, these suggestions
are speculative, and future studies will be required. In the
interim, physicians, patient advocacy groups, and decision-
makers should strive to increase living kidney donation
directed at Aboriginal recipients.
Our study has several limitations. First, we relied on
registry data, the limitations of which are well known,
especially with respect to missing or inaccurate information
on comorbidity. However, given the robust nature of our
findings, we believe that residual confounding is unlikely to
have changed our conclusions. Second, we excluded partici-
pants of unknown race, who accounted for approximately
11% of those initiating dialysis during the study period. For
this to have influenced our results, participants with missing
data on race would have had to be systematically different in
terms of residence location, race, and the likelihood of
transplantation compared to those with complete data.
Nonetheless, our findings were similar when participants of
unknown race were classified as Aboriginal as well as when
they were classified as white. Third, our classification of
residence location was based on data at the time of dialysis
inception. As some participants may have moved after
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Figure 2 | Time to transplant graphs for Aboriginal and white
participants by distance from residence location to closest
transplant center. The figure shows that the likelihood of
transplantation was significantly lower among Aboriginal participants
in all four distance strata, compared with white participants.
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commencing dialysis but before transplantation, the resulting
misclassification may have introduced bias. Fourth, although
previously validated, the methodology we used to calculate
distance necessitates some approximations. We attempted to
reduce the impact of this imprecision by categorizing
distance from care into relatively broad categories, reducing
the risk of misclassification. Fifth, we had access to aggregate
rather than individual-level data on socioeconomic status,
and therefore cannot exclude the possibility of residual
confounding related to differences in this characteristic.
Sixth, median follow-up was relatively short (2.3 years).
Although longer follow-up would have increased the total
proportion of Aboriginal people who received transplants, it
would be unlikely to influence our conclusions. Finally,
although we did not have information on transplant
eligibility, our findings were similar in analyses that included
only younger participants without documented comorbidity,
who were likely to be acceptable transplant candidates.
In summary, we found no evidence that remote residence
location is wholly or partially responsible for the lower rate of
kidney transplantation among Aboriginal people treated for
ESRD in Canada. Future studies are required to determine
the basis for this disparity, and to confirm that our findings
apply to other settings.
MATERIALS AND METHODS
Study population and data sources
This study was approved by the ethics review board at the University
of Alberta and was conducted on a random sample of data from the
Canadian Organ Replacement Registry (CORR),21,22 which collects
patient-specific data annually from all Canadian dialysis centers.
Using a two-step process, which ensured the privacy of participants
(Appendix A), we received a participant-level data set from CORR,
which included clinical and demographic data, geographical
location, and distance from the transplant center for approximately
28% of all participants initiating dialysis in Canada between January
1, 1990 and December 31, 2000.
Classification of geographic region
Deceased donor kidneys are not shared nationally in Canada.
Instead organs are shared on the basis of waiting time within seven
regions that closely follow provincial boundaries. These comprise
British Columbia (including the Yukon territory), Alberta (includ-
ing the Northwest Territories), Saskatchewan, Manitoba, Ontario,
Quebec and the Atlantic provinces (including New Brunswick,
Prince Edward Island, Nova Scotia, and Newfoundland/Labrador).
Although there may be additional local sharing arrangements within
these regions, organs are generally allocated within the region where
the organs were obtained, and only shared between regions if no
regional recipient can be identified to receive the kidney. For this
reason, and because responsibility for delivery of healthcare is
primarily provincial in Canada, we classified geographic region on
the basis of these seven regions rather than at the level of individual
transplant centers.
Analyses
The primary outcome was time to receipt of a kidney transplant,
including those from deceased or living donors. Participants were
followed from initiation of dialysis until death, transplantation, loss
to follow-up or end of study (December 31, 2002). The effects of
residence location (distance from the nearest transplant center to
residence) and geographic region (Atlantic Canada, Quebec,
Ontario, Manitoba, Saskatchewan, Alberta, British Columbia) were
explored. The distance between the transplant center and each
patient’s residence was arbitrarily categorized a priori as follows:
0–50, 50.1–150, 150.1–300, and 4300 km. Travel time was similarly
divided: 0–30, 30.1–90, 90.1–180, and 4180 min. Participants living
in remote communities for which no consistent access by road was
available were assigned to the 4300 km category or the 4180 min
category, as appropriate. Descriptive statistics for participants were
calculated and tabulated. Comparisons between participants resid-
ing in different distance categories were made using the w2 test for
frequency data and the Kruskal–Wallis test for continuous data.
Statistical significance was set at Po0.05.
We used the backwards elimination selection method to select a
Cox proportional hazards model. In addition to residence location
and geographic region, other factors considered included age, sex,
race (white or Aboriginal), cause of ESRD; year of dialysis initiation;
comorbid conditions including diabetes mellitus, coronary disease,
current heart failure, stroke, or transient ischemic attack, chronic
lung disease, peripheral vascular disease, malignancy; other serious
medical history expected to reduce life expectancy, smoking status;
initial mode of dialysis; socioeconomic status; and population to
physician ratios. In order to determine whether the effects of race
differed by residence location or by geographic region, we explored
their two-way interactions on the likelihood of transplantation. We
determined that the proportional hazard assumption was satisfied
by examining plots of the log-negative-log of the within group
survivorship probabilities versus log-time as well as comparing
Kaplan–Meier (observed) with Cox (estimated) survival curves.
Missing data were dealt with by assuming that the characteristic
was absent (10% had missing data on one or more comorbidities).
Results did not differ when analyses were repeated after deleting all
participants with missing data, so we have reported results using the
former method. Additionally, 11% of our full data set (all races)
included participants of unknown race. These participants were
classified as Aboriginal or white in separate analyses. To deal with
other methodological uncertainties, the following sensitivity ana-
lyses were conducted. To determine if the relation between
geography and residence location was influenced by donor source,
we repeated the primary analysis considering only transplants from
deceased donors by censoring follow-up at the time of living donor
transplantation. Similarly, we repeated the primary analysis
considering only transplants from living donors. We also categorized
distance into six categories (0–50, 50.1–100, 100.1–200, 200.1–400,
400.1–600, and 4600 km) as well as the four in the primary analysis.
Because we did not have information on transplant wait-list status,
it is possible that comorbid disease affected eligibility and thus rates
of transplantation. We addressed this with an additional analysis
considering only participants who were likely to be good transplant
candidates (i.e. age o60 years without known diabetes mellitus,
coronary disease, chronic heart failure, stroke, chronic lung disease,
peripheral vascular disease, known malignancy, or other serious
medical illness that would be expected to reduce life expectancy).
Finally, we assessed the potential for informative censoring (as those
who die early are less likely to receive a kidney transplant) by
assuming that those who died would not have received a transplant
if they had survived until the end of the study (i.e. participants who
died were assigned a date of last follow-up of December 31, 2002).
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APPENDIX A: ASSEMBLY OF STUDY DATA SET
To protect the privacy of participants, CORR initially
provided us with a two-variable data set containing the six-
digit residential postal code as recorded at the time of dialysis
initiation, together with an encrypted identification number.
These data were provided for a random 75% sample of all
patients initiating renal replacement in Canada between
January 1, 1990 and December 31, 2000 (n¼ 26 808). Of
these, the residential postal code was valid for 25 910
individuals (97%). We calculated the geographic coordinates
for each patient’s residence using the Canadian Postal Code
conversion file,23 and determined the transplant center which
would provide care to each study participant based on each
center’s defined catchment area. Next, we calculated the
distance between the transplant center and residence location
for these 25 940 participants (described below), and returned
these data to CORR together with the encrypted identifica-
tion number. CORR then linked these geographic data to
demographic and clinical data, stripped all uniquely
identifying information from the file, and randomly selected
12 739 (49%) of the original participants. After excluding
children (ageo18 years, n¼ 239), non-Aboriginal, non-
white, and unknown races (n¼ 2588), we performed analyses
on the resulting data set, which included clinical and
demographic data, geographical location, and distance from
the transplant center for approximately 28% of all partici-
pants initiating dialysis in Canada during the study period.
Estimation of distance
The geographic coordinates for each six-digit postal code
were determined using the Statistics Canada Postal Code
Conversion File and Canadian Postal*Data software (Melis-
saData Corporation). These coordinates were entered into
ArcGIS 3.0 software (ESRI Corporation) to determine the
shortest distance by road (in km) between the residence of a
dialysis patient at the time of dialysis initiation and the
facility that would perform their renal transplant and/or
transplantation workup as previously described.24–26
Estimation of physician supply and socioeconomic status
The Canadian census reports data in geographic units such as
Census Consolidated Subdivisions, which constitute munici-
palities or their deemed equivalents. As local physician supply
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and the socioeconomic attributes of areas in which people
reside may influence their access to health care,27 we assessed
these characteristics for each Census Consolidated Subdivi-
sions. Data from the Southam Medical Database was used to
determine the population to physician ratio in each Census
Consolidated Subdivisions during the year that each patient
initiated dialysis.28 We estimated socioeconomic status using
the Neighborhood Income Per Person Equivalent, a house-
hold size-adjusted measure of household income, based on
1996 Canadian census summary data.23
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